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摘  要 
吞噬作用在无脊椎动物的先天性免疫过程中起着非常重要的作用，Ran 
GTPase 可以通过与 myosin 轻链蛋白的相互作用调控对虾血细胞对 WSSV 病毒的
吞噬过程，并防御 WSSV 的感染，但是关于 Ran 基因的表达调节还未被报道过。
本论文克隆包含 TATA 盒的 Ran GTPase 的启动子，利用生物素-链霉亲和素试验
发现 Ran 启动子可与 Ran 蛋白相互结合，在 Drosophila S2 细胞中，利用萤光
素酶报告基因分析发现 Ran GTPase 与 Ran 启动子结合后，萤光素酶活性降低，
表明启动子的转录活性降低，导致 Ran 基因转录水平下调。本研究揭示 Ran 蛋白
可结合自身启动子调节自身的基因转录，这种反馈调节机制是一种新的 Ran 基因
转录调节机制。 
由于 Ran 蛋白在对虾免疫吞噬中的重要作用，因此本研究以 Ran 蛋白为靶蛋
白，筛选免疫增强剂。采用体外测定 Ran GTP 酶活的方法，筛选获得 2个能有效





miRNA 是一类长度约为 20-25nt 的非编码单链小分子 RNA，能够对基因进行
转录后表达调控, 进而参与生长发育、细胞分化、凋亡和增殖等多种生理过程。
为获得与酚氧化酶原系统（ProPO）相关的 miRNA，本研究分别采用酚氧化酶（PO）
激活剂 TPCK 和抑制剂 allythourea 处理对虾，再进行 miRNA 测序。测序结果及
差异序列比较发现，19 条 miRNA 在激活剂或抑制剂处理后，表现为上调或下调
表达；采用 Northern blot 验证了试验结果。因此，19 条差异 miRNA 对 PO 的表





















Phagocytosis plays an important role in the innate immune of invertebrate. 
Recently it is revealed that the Ran GTPase can regulate the hemocytic phagocytosis 
of shrimp against WSSV infection by interaction with myosin. However the 
regulation of Ran gene expression remains to be addressed. In this study, the promoter 
of shrimp Ran gene was identified which contained a typical TATA box. The results 
showed that the shrimp Ran protein was bound with the Ran promoter in Drosophila 
S2 cells. Based on luciferase assays, our study indicated that the transcription of Ran 
gene could be regulated by the interaction between the Ran promoter and the Ran 
protein, suggesting the existence of a feedback regulation in Ran gene expression. 
Therefore our study presented a novel finding on the feedback regulation of gene 
transcription. 
Duo to the importance of Ran in phagocytosis of shrimp, the Ran was used as the 
target protein for the screening of immunostimulants. Based on the Ran activity, IL-4 
and lysophosphatidycholine were found to enhance the activity of Ran GTPase. The 
results showed that the phagocytosis activity of shrimp hemocytes was significantly 
increased in response to the injection of IL-4 or lysophosphatidycholine in shrimp. 
After the injection of IL-4 or lysophosphatidycholine, the WSSV copies were 
significantly decreased, which led to the significant decrease of mortality of WSSV- 
infected shrimp. Our study provided immunostimulants for the controlling shrimp 
disease and presented a novel strategy to prevent shrimp from pathogen infection. 
     miRNAs are noncoding RNAs with 20–25 nucleotides that modulate gene 
expression, involving in development, cell differentiation, apoptosis, proliferation  
and other physiological processes. To obtain miRNAs involved in the ProPO system, 
the shrimp were injected with PO inhibitor (allythiourea) or PO activator (TPCK), 
followed by miRNA sequencing. The sequence analyses revealed that 19 miRNAs 
were up-regulated or down-regulated. The differentially expressed miRNAs were 















be involved in ProPO system of shrimp immunity. 
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1 前言 








































1.2  Ran 蛋白的基本特征与研究进展 
      Ran是一种主要分布于细胞核内的小分子蛋白质，分子量约25KD。将其基
因序列与Ras家族基因序列比对,根据保守性结构域及末端序列特征,因而得名为















1.2.1  Ran 的结构特点 
 Ran 具有GXXXXGKS(T)、DXXG、N(T)KXD和EXSAX4个保守的结构域,这些结构
域是小G蛋白所共有的。序列GXXXXGKS(T)和DXXG为GTP 酶的活性部位,另外两个





















    鸟苷酸交换因子(RanGEF) RCC1( regulator of chromosome condensation-1)和
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解离。而一些与Ran结合蛋白1（RanBP1）同源的Ran-GTP结合蛋白虽没有Ran 











图 1 Ran 的 GTP-GDP 循环  （引自文献[17]） 
Fig.1 The GTP-GDP cycle of Ran 
 
1.2.3  Ran 的生物学功能 
1.2.3.1  核质转运 

























运需要出核转运因子exportin 参与,Ran-GTP 调节完成。Ran GTP的作用是:在核












图 2：Ran 通过核孔进出核膜（引自文献[17]） 
Fig.2 Ran shuttles across the nuclear envelope through nuclear pores 
 
Ran-GTP离开复合物,释放出出RNA。大多数RNA (mRNA ,snRNA , rRNA 等)依赖这
种Ran GTP 调节出核
[19]





1.2.3.2  核膜装配的调控功能 







发现,Ran 多糖Beads 诱导核膜装配是一个主动的过程,需要Ran 处于完全的酶
活性状态及RCC1和RanBP1 的参与
[22]
































































































































1.2.3．5   Ran参与免疫                                                              
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